I. INTRODUCTION The discovery of new superconducting materials has attracted an enormous interest in the scientific community world, because of its technological potential in terms of devices applications as antennas, sensors, detectors. A superconducting material shows two properties: very low (almost zero) resistance passage of electric current and perfect diamagnetism.
In a normal conductor, an electrical current decreases rapidly due to the resistance of the material.
For the superconducting materials the electrical current without resistance, the power is not lost when it flows through of them. The superconductivity is a state of matter observed only in some solids, mostly metals.
The macroscopic theory uses the two fluids model and the London equations. In this work are used antennas arrays with superconductor patch, according with structure shown in Fig. 1 , only for a radiating element. 
Where: i = 1, 2 are the dielectric regions of structure;
Is the propagation constant in y direction;  n is spectral variable in x direction;
is the wave number of the dielectric region;
, is the relative dielectric permittivity of the complex material.
To obtain the unknown constants of magnetic and electric fields were applied the boundary conditions, at the interface between the dielectric regions. Also the dyadic Green Z functions is obtained using the magnetic boundary conditions,
Zs is the superconductor impedance,  s is the conductivity and "t" is the thickness of the superconductor patch. The Moment method is used to eliminate the electric fields in (5), and to obtain the homogeneous matrix equation (7) for the calculation of the complex resonant frequency. 
The determinant of this K matrix, witch is the inner product of the Z matrix and the basis functions, provides the real and imaginary resonant frequencies, which are numerically calculated using computational programs developed by the authors, in Fortran Power Station Language .
One of the problems when working with photonic material, is the relative dielectric constant determination as the PBG, is a non-homogeneous structure where the incident sign goes at the process of multiple spread. A solution can be obtained through a numerical process called homogenization [8] . The process is based in the theory related to the diffraction of an incident electromagnetic plane wave, imposed by the presence of an air immerged cylinders in a homogeneous material. For electromagnetic waves propagating in the xy plane this waves have the s polarization (E field parallel to the z axis) and p polarization (E field perpendicular to the z axis).
III. SUPERCONDUCTOR
The quantum theory of the superconductivity [6] , [11] The penetration depth, appear as natural consequences of the BCS theory [3] , [10] . The London equation is obtained at the magnetic fields, which vary slowly in space. Thus the Meissner effect is obtained naturally.
The BCS theory predicts the critical temperature of an element or alloy. There is a paradox: the greater resistivity at room temperature is the likelihood that this metal is a superconductor when cooled.
The London equations are used [10] ,
Where, Λ is London constant, m is the electrons number, e is the electron charge and v is the Fermi velocity.
IV. ANTENNAS ARRAY
The antennas array [4] consists of a finite number of identical irradiant elements, which combines the induced signals in these antennas, to form the array. The maximum beam direction is controlled, adjusting the phase of the sign in different elements. The phase induced in the several adjustments in the elements, permits to obtain maximum directivity and gain.
The antennas array can be classified as linear and planar. The linear array factor is,
The Fig. 2 shows the linear array with superconductor patch antenna with three elements. This array, is suitable for simulation by commercial software HFSS, which is based on the finite element method.
In this work the Transverse Transmission Line (TTL) method is also applied, using double Fourier Transform [10] [11] [12] , and considering EBG, Terahertz frequency. According with the Fig. 3 , the superconducting patch presents resonances more efficient using the FR-4 as substrate, where the ressonance frequency is 9.07 GHz with a reflection coefficient (S11) of -31 dB, while the use of the copper patch presents 9.23 GHz with a reflection coefficient (S11) of -25 dB. The superconductor patch showed a bandwidth of approximately 250 MHz. In figure 3 we can to observe a band of frequencies varying between 8.6 GHz to 9.6 GHz, characterized by being frequencies of the band X. It was observed that the resonant frequency of the copper patch had a reduction of 1.73% compared to the resonance frequency of the superconductor patch, equivalent to a decrement in the 160 MHz operating frequency. This also results in a decrease in the 250 MHz bandwidth. The resonances using two elements superconductive, is 9.57 GHz with a reflection coefficient (S11)
of -22 dB, while the use of three elements presents resonance of 9.04 GHz, with a reflection coefficient (S11) of -32 dB.
The radiation patterns two dimensional array of these antennas shown in Fig. 5 and 6 have different gain values according to the resonance frequency. The red curve represents the total gain of the antenna in E-Plane and H-Plane. While the purple curve representing the overall gain of E-Plane and H-plane, using an FR-4 substrate, with the superconducting material to a linear array of two elements (Fig. 5) , and linear array of three elements (Fig. 6) , at 160K. In this case, it can be observed that the linear array of three elements is more directive, than that array of two elements. The validation of these theoretical results is made through comparison with published work in the same line of research, such as the work cited in [13] that shows prospects radiation pattern and resonant frequency. The Fig.11 shows the resonance frequency in THz as function of the patch length, for 160 K critical temperature, using the TTL method. The parameters used are, g = 0.0154 mm, w = 0.03 mm and  r1 =4.4, thickness of the patch, t = 0.1 mm. VI. CONCLUSION In this paper, linear antennas array with two and three elements with superconductor patch was simulated by the HFSS, using different substrate with comparative results using superconductor and copper patches. The numerical results showed that the linear antennas array, using superconductor material, presents better performance than that of copper, providing better radiation efficiency. The
Transverse Transmission Line (TTL) method was also used and new results of the resonant frequency, in Terahertz were presented. Values of higher critical temperature of 160 K were used.
The superconducting theories have been presented at new superconductor materials. Numerical results of the resonance frequency as functions of the length were presented, including two dimensional and three dimensional radiation pattern of the E-plane and H-plane.
It is known that the impedance elements can be drastically affected by the excitation of surface waves on the device. In this work, the mathematical modeling is analyzed to the patch with an element. It is subsequently performed an extension to three elements, in order to analyze the effect that occurs in terms of resonant frequency, return loss and bandwidth, as well as this contributes to the radiation characteristics in far fields.
